Backgrounds and aim: Unhealthy eating behaviours increase with age and have been
Introduction
Childhood nutrition has gained increasing attention in recent years 1 , particularly in relation to the global obesity crisis. Dietary factors, such as consumption of fast food and sugarsweetened drinks 2 , and the type of dietary fat, rather than total fat consumption, are linked to several undesirable health outcomes. These include type-2 diabetes, hypertension, hypercholesterolemia and other metabolic disturbances, as well as overweight and obesity 1, 3 .
In particular the intake of partially hydrogenated (trans) fat, commonly found in commercial bakery products and fast foods, may raise the risk for both cardiovascular diseases and type-2 diabetes by increasing the serum levels of low-density lipoprotein cholesterol and decreasing high-density lipoprotein cholesterol 3 . In contrast, unsaturated fats from vegetables can lower the risk of these diseases by favouring an high-density lipoprotein increase 4 .
Scholars showed that the 30 percent of the calories in the average diet of US children derive from sweets, soft drinks, salty snacks, and fast food, and consumption of these foods has doubled in the last 30 years 5 . Other studies have reported that one-fifth of British secondary school children consume junk food daily 6 and nearly 50% of French children prefer sugarsweetened drinks rather that water 7 . Sugar-sweetened drinks furthermore represent a significant source of dietary fructose, which has been associated with higher serum uric acid levels and increased blood pressure in particular in adolescents 8 .
Behavioural factors, such as a reduction of the total amount of physical activity (PA) and an increase in the proportion of time spent in sedentary behaviours (SB), have also been associated with junk food consumption and BMI increase 9, 10 . More specifically, TV viewing and other screen-based behaviours have been linked with an increased consumption of energy-dense and junk foods, of sugar-sweetened beverages 10 , and negatively associated with fruit and vegetable intake 9, 10 .
A recent review showed that specific dietary patterns are strongly related to the adolescent's peer network, in which friends are more prone to share food-related attitudes and choices 11 .
This recent evidence has shown not only an increase in unhealthy food consumption through adolescence but also a tendency for eating behaviours established in adolescence, both negative and positive ones, to persist into adulthood 1, 3 . All of this highlights the need for a better understanding of the factors that can influence adolescents' eating behaviours.
To our knowledge, these correlates of food choices have rarely been studied in a nationally representative sample of young people, using an internationally validated and standardised approach, in particular as regards Italy. The aim of this study, therefore, was to examine the influence of screen-based sedentary behaviours on unhealthy eating among a large representative sample of 11-, 13-and 15-year-old Italian and to assess the role of possible modifiers such as fruit and vegetable consumption, physical activity, number of friends, BMI and socio-economic status..
Methods
The Italian study protocol and the questionnaire were approved (prot. CE-ISS 09/273) by the Ethics Committee of the Istituto Superiore di Sanità (Italian Ministry of Health). 13 . The study questionnaires were administered by ad hoc trained personnel, with a response rate of 96% 14 .
Study population and design
As agreed in the international study protocol, adolescents not reporting their gender, age, or whose age was not within 6 months of the mean age of each age group, were excluded (n=5751, 7.4%) 12 . A total of 58,928 (82.6% out of 71,362) adolescents were included in the study, respectively 20,728 eleven year-olds, 20,661 thirteen year-olds and 17,539 fifteen yearolds, of which 50.3% were girls.
Variables and Measures

Eating habits
Eating habits were assessed using a short food-frequency questionnaire (FFQ) by asking participants how many times a week they usually consumed singularly: sweets (candy, chocolate); non-diet (sugared) soft drinks; crisps; fruits and vegetables. Response categories ranged from "never" to "more than once a day, every day". A previous study found the items to be valid and acceptable for use with adolescents 15 . For descriptive purposes each variable was recoded into three categories of consumption: low consumption (once a week or less), moderate consumption (2 to 6 days a week), or high consumption (once a day every day or more). In order to quantify weekly unhealthy food consumption and to allow comparisons with previous HBSC published investigations, responses to the items on sweets, soft drinks and crisps consumption were recoded as follows:
"never" was coded 0, "less than once a week" 0.5, "once a week" 1, "2-4 days/week" 3 (midpoint of the interval 2-3), "5-6 days/week" 5.5 (midpoint of the interval 5-6), up to "once a day, every day" 7, and "every day, more than once" 8 16 , and then summed into a new variable representing unhealthy food consumption. The new variable was subsequently dichotomised below and above the median score value for use in multilevel logistic regression analyses.
Sedentary screen-based behaviours
Time spent in screen based activities was assessed using two items: "For about how many hours a day do you usually: (1) watch television (including videos) and (2) play PC-games or TV-games (Playstation, Xbox, Game-Cube etc.) in your free time?". Available response options used a 9-point scale from "None at all"; "approximately half an hour a day";
"approximately 1h/ a day" and so on to "approximately 7 or more hours per day". Questions were asked for weekdays and the weekend, then a SB index score was derived by summing the number of hours spent in a 7-d week. Previous studies conducted in similar age groups showed a good test-retest reliability and validity of this approach 17 . In accordance with
Vereecken (2006) 15 , the average number of hours of TV/PC exposure per day was grouped into four categories: 2/h or less per day, 2 to 4/h per day, 4 to 6/h and more than 6/h per day,
Adiposity
Adiposity was assessed by computing the Body Mass Index (BMI) (weight/ height 2 [kg/m 2 ]) calculated using self-reported weight and height. Participants were then classified as overweight/obese when BMI was equal to or greater than the sex-, and age-specific 75th
percentile from Cole et al (2000) 18 .
Validation studies showed that self-reported versus measured heights and weights represent a valid and acceptable estimate for population-based studies 19 including in Italy 20 .
Physical activity 8
Moderate to vigorous physical activity (MVPA) was measured with a single item: "Over the past 7 days how many days were you physically active for a total of at least 60 minutes?".
The item was introduced with the definition of MVPA: "an activity that usually increases your heart rate and makes you get out of breath some of the time". This question has been
shown to have a good reliability and validity when compared with accelerometer data 21 . A score of five or more (days per week) classified respondents as meeting or not meeting the MVPA guidelines (PAGL) 22, 23 .
Peer network
The number of close friends of the same sex was used as an indicator of the peer network.
Participants were asked how many close friends they have with the following response options: none, one, two, three or more. Answers were dichotomized into less than, or three or more friends.
Socio-Economic Status
The Socio-Economic Status (SES) of participants was assessed using the HBSC Family Affluence Scale (FAS) reflecting the material resources of the family. The FAS has been developed within the HBSC study to assess the participants' SES, given the known difficulties of asking young people to accurately detail their parents occupation 24 . The FAS has been used and validated since its development and findings confirm that it is a valid indicator of young people's material circumstances for use in cross-national surveys 24, 25 The scale consists of four items including family car ownership, whether children and adolescents have their own bedroom, number of holidays spent with their parents per year and family computer ownership. The obtained scores were recoded in a 3-point ordinal scale according to low, medium and high family affluence 24 .
Statistical Analysis
To account for the clustered structure of the sampling scheme, with students nested within schools, multilevel analyses were carried out using the IBM-SPSS (version 20) statistical software package. The primary sampling unit was the school class.
All analyses were performed separately by gender and age. Multilevel logistic regression models were performed to examine the relationships between unhealthy food consumption, as a dependent variable, and screen-based sedentary behaviours (television/computer exposures), healthy food consumptions (fruit and vegetables), peer relationship, BMI, PA and SES as independent variables. Binary logistic regression analyses were used to produce adjusted odds ratios (ORs) and 95% confidence intervals (95%CIs).
Results
Information on gender and age specific self-reported food consumption, screen-based sedentary behaviours, peer relationships, BMI, physical activity and SES is summarized in table 1. Unhealthy food consumption, recoded as the sum of sweets, crisps and sugared drinks consumption ranged between a minimum score value of 0 (less than 1% of the whole sample) and a maximum value of 18 (1.3% of the sample) independently of age and sex, with a mean value of 7.75 (SD±3.8) and a median score value of 7.00. The number of adolescents with a consumption of unhealthy food above the median value increased with age in both sexes and was slightly higher in boys than in girls. Sweets and sugar drinks consumption increased between 11and 15 years of age. For sugared drinks and crisps intake the majority of respondents reported a low consumption, once a week or less, with a slight increase in moderate consumption in all the ages and in both sexes. year olds. On average, 57% of 11-year-olds spent more than 2 hours a day in screen based behaviours (watching TV or using a PC), and this increased with age to more than 80% of 15-year-olds.
Vegetable consumption was the lowest among boys and in the youngest while fruit consumption was higher among 11-year-olds and girls.
The percentage of adolescents meeting PAGL was lower than 20%, and further declined with age. Girls were the least active; in the oldest group 89% of girls did not meet the PA recommendations.
The proportion of adolescents reporting three or more close friends of the same sex decreased with age, falling from 70% in 11-year-olds to 55% of 15-year-olds. Girls reported having fewer close friends than boys.
BMI was higher in among boys across all ages, but particularly for 11-year-olds. As regards SES, the large majority of the sample reported medium or high family affluence.
The logistic regression analyses results predicting the risk of being in the unhealthy eating group (above the population median) are reported in A lower intake of fruit and, in particular, of vegetables was significantly associated with the likelihood of being in the unhealthy eating group. In all the age groups and in both sexes the odds of unhealthy food consumption decreased as fruit and vegetable intake increased.
Junk food consumption was not associated with PA, except among 11 year old boys (OR=1.37, 95%CI 1.07;1.76).
Having three or more close friends of the same gender was also associated with junk food consumption in both sexes: the highest risk was observed in 11-and 13-year-old boys and in 15-years-old girls.
BMI was found to be inversely associated with unhealthy food consumption. This association was observed in all ages and both sexes, except for 11-year-old girls. No consistent relationship was found between SES and consumption of unhealthy food.
Discussion
In the present study, correlates of unhealthy eating behaviour were investigated in a representative sample of Italian 11, 13, and 15 year-old young adolescents.
Previously, time spent in SB, and TV viewing in particular, has been strongly linked with negative eating patterns 26, 27 . In accordance with these studies, our results show a clear positive association of unhealthy food consumption and time spent in screen based behaviours, and a negative association of unhealthy food consumption and the consumption of healthy foods, particularly vegetables.
During adolescence, parents provide the main contextual environment for many behaviours and in particular television viewing, computer playing and food consumption within the home. If children are left in front of the screen with available foods and drinks to distract them, they may associate television viewing with food intake. Indeed, when TV viewing is repeatedly accompanied by consumption of snacks and sugar-sweetened beverages, the screen-viewing itself may thus become an automatic cue to junk food intake also in the absence of hunger 27 . Furthermore, children's food preferences, requests and consumption have been shown to be influenced by marketing proposals. During time spent watching TV, adolescents are exposed to varied food advertisements that can proportionally influence their choices 28 . In fact, studies have found that each additional hour of television watched can result in an increased servings of junk foods, commonly advertised on television and a reduction of almost one fruit and vegetable serving per week 27, 29, 30 .
Adolescents are also increasingly exposed to a wide range of influences beyond the family environment including through school, the local community, media and social media.
Children and adolescents alike have also been shown to be influenced by what their peers eat 31 . In accordance with these findings, our results showed an increased risk of eating unhealthy food among those with a wide peer network, particularly younger boys.
Our findings also revealed an interesting association between unhealthy food consumption and BMI. Recent studies that explored the relationship between BMI and eating patterns have reported inconsistent results, the large majority of these showing no association between increased BMI and junk food or sweetened drinks consumption 32 . Only a few studies have
shown an increase in junk food intake among overweight children 33 . In contrast, we found that the likelihood of being a heavy consumer of unhealthy foods was significantly higher among normal weight adolescents. One explanation for this finding maybe the different control exerted by the parents of overweight adolescents compared to those of normal weight.
It is therefore essential that nutritional programmes are targeted at all adolescents and not just those who are currently overweight or obese.
Recently there has been an increased interest in parents feeding practices 34 . In particular, mothers of overweight or obese children seem to exert an active role in reducing the likelihood of consuming unhealthy fatty food 35 . Above all, and independent of child BMI, the use of feeding strategies seems to be dependent on parents' educational and economic background such that the higher the familial SES, the higher the exerted control 36 . Our results
were also suggestive of a lower risk of being a heavy unhealthy food consumer in the highest SES, but with inconsistent statistical significance 37 .
Strengths and limitations
The cross-sectional nature of the HBSC study means that we are unable to make any inferences about causal relationships, in particular in identifying specific determinants of eating behaviours. In addition, the study was limited to participants in three specific ages. In relation to screen-based sedentary behaviours, we used proxy measures of time spent in watching TV and using a computer for leisure as two distinct behaviours. Recent evidence, however, suggests that an increased proportion of youth engage in multitasking sedentary behaviours, which means adolescents could differently declare behaviours that happens simultaneously (i.e. surfing Internet or chatting online while watching TV) with further differences among genders 38 . More work is needed to better understand the health impact of engaging in simultaneous sedentary activities.
Strengths of this study were the use of a standardised approach and the representativeness of the sample, increasing both the study validity and its generalizability. No other published research has examined these predictive correlates of behaviours in such a large national representative samples of adolescents in Italy.
Conclusions
In conclusion our results highlight the importance of recognizing the complexity of behaviours linked to food consumption in adolescence in order to drive and inform further effective nutrition and public health interventions. This means considering diet and nutrition, independently of adiposity status, as an objective of nutritional public health initiatives, especially among those who engage in excessive screen-based sedentary behaviours. These findings suggest that nutritional advice should be aimed both at decreasing the consumption of soft drinks, fast food and snack food and at addressing the role of television in sending opposite messages 28 . Since school and parents provide the child's main contextual environment 39 , they can be viewed as key players and central agents of change in the prevention of unhealthy eating. More work is needed to explore how school and parents can effectively support adolescents in developing their ability to access, analyse, evaluate, and appropriately use media and technologies to which they are exposed. Parents should therefore be involved in tailored educational initiatives aimed at increasing their awareness of the impact unhealthy food can have on adolescents' health, the influence that television viewing can have on their familial food choices, and of the importance of proactively contributing to the way their children manage their screen time behaviour. Public health efforts should be oriented towards effective health policies for the regulation of television advertising aimed at children.
Keypoints
• Increased time spent in screen-based behaviours in adolescence significantly increases the consumption of unhealthy food.
• The increase in unhealthy food consumption decreases the likelihood of consuming healthy food in particular vegetables.
• The likelihood of being a heavy consumer of unhealthy food is higher among normal weight than in overweight adolescents.
• Diet and nutritional interventions targeting adolescents should address both eating behaviours and screen-based behaviours independently of adiposity status.
• Public health efforts should be oriented towards effective health policies for the regulation of television advertising aimed at children and adolescents and should actively support actions to develop youth's ability to access and appropriately use media and technologies to which they are exposed
